Introduction
Rheumatoid arthritis (RA) is a chronic, inflammatory autoimmune disease characterized by the joints erosion and damage. Current research suggests that cytokines play important roles in the immunopathogenesis of RA.
IL-33, a member of the IL-1 cytokine family, is involved in the inflammation of RA via the IL-1 receptor-related protein ST2, and the recruitment of IRAK, IRAK4, MyD88, and TRAF6 to ST2, ultimately leading to the activation of NF-B and MAP kinases [1] . The soluble form of ST2-sST2, is considered as a decoy receptor to block the effect of IL-33. IL-33 exacerbates the disease severity of collagen-induced arthritis (CIA) which is an animal model of RA disease [2] . Inhibition of IL-33 signaling pathway through blocking anti-ST2 antibody attenuated the severity of CIA [3] . It was reported that sST2 administration could also attenuate the severity of CIA [4] . Some recent studies have further shown that IL-33 is expressed by the synovial fibroblasts from RA patients [2, 3, 5] and the serum level of IL-33 is abnormally elevated in these patients [6] [7] [8] [9] . However, the levels of IL-33 and sST2 in the synovial fluid (SF) and whether they are associated with disease activity are less known.
In this study, we compared the expression of IL-33 and sST2 in SF and paired serum samples of patients with RA to that with osteoarthritis (OA) and analyzed their association with clinical characteristics of RA disease. patients were also collected. All patients were grouped according to the revised criteria of the American College of Rheumatology for RA [10] or for OA [11] . The study was approved by the ethics committee of People's Hospital, Peking University, according to the Declaration of Helsinki. All patients had been informed and signed the consent for participation in the study. The details of the patients including gender, age, and disease duration were summarized in Table 1 . There is a significant correlation between two groups ( = 0.578, < 0.001, Figure 1 (b)). Figure 2 ). A correlation was analyzed between the clinical features and IL-33 levels in SF and serum of patients with RA. Comparing to the serum IL-33, SF IL-33 level in RA had more correlations with clinical features including disease activity features (ESR, DAS28 score) and autoantibodies (RF-IgM, RFIgG, GPI, IgA, IgG, and IgM). The data was shown in Table 2 and Figure 3. 
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These 120 patients with RA were classified into 3 groups according to the DAS28-ESR: the high activity group (47 patients) was defined as DAS28-ESR > 5.1; the moderate activity group (56 patients) was defined as 5.1 ≥ DAS28-ESR > 3.2; the low activity group (17 patients) was defined as DAS28-ESR ≤ 3.2 [12] . SF IL-33 levels were significantly higher in the high and moderate activity groups than in the low activity group ( = 0.0319 and 0.0006, resp.; Figure 4) . Correspondingly, RA patients were divided into SF-IL-33-positive and SF-IL-33-negative groups according to the minimal detection limit of IL-33 (23.35 pg/mL), and the characteristics of these groups are shown in Table 3 . It showed that the SF-IL-33-positive group had higher DAS28, ESR, and CRP than the SF-IL-33-negative group. Table 2 that the level of SF-IL-33 was correlated with the levels of several auto-antibodies in serum including RF-IgM, RF-IgG, GPI, IgG, IgA, and IgM in patients with RA.
SF-IL-33 Was Correlated with Autoantibody Production in RA. It was shown in
We also found in Table 3 that the SF-IL-33-positive group had higher levels of RF-IgM, IgG, IgA, and IgM than the SF-IL-33-negative group. The positive frequency of GPI was also higher in the SF-IL-33-positive group than in the SF-IL-33-negative group. Similarly, SF IL-33 concentration in GPI-positive patients (53.96 ± 71.43 pg/mL) was higher than that in GPI-negative patients (24.85 ± 66.81 pg/mL, = 0.002). A similar trend was identified in RF-IgM-positive patients (42.58 ± 59.85 pg/mL versus 22.98 ± 65.96 pg/mL, = 0.001). the boundary. It showed that serum sST2 was elevated in 13 of the 54 patients with RA (24.1%) while none of the OA patients had a detectable level of sST2. No significant difference of SF sST2 concentrations was observed between RA (3.14 ± 1.94 ng/mL) and OA (3.20 ± 1.71 ng/mL) patients. Furthermore, there was no correlation between serum sST2 
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Discussion
According to our knowledge, this is the largest study of IL-33 and sST2 in SF and matched serum of RA and OA patients.
Comparing to the former studies [6] [7] [8] [9] , it could provide the more believable results about the expression of IL-33 in RA.
Based on the present study, we found that there was an obvious difference of IL-33 levels between SF and matched serum. We also demonstrated that SF-IL-33 in RA patients had higher levels than OA patients, whether with positive rate or mean expression. Additionally, our study showed that there was a positive correlation between SF-IL-33 and disease activity or RA-associated auto-antibodies, which supported the hypothesis that IL-33 plays an important role in the pathogenesis of RA. In our study, SF IL-33 levels were significantly higher in the high and moderate activity groups than in the low activity group. On the other hand, the SF-IL-33-positive group had higher DAS28, ESR, and CRP than the SF-IL-33-negative group. It suggested that SF IL-33 was closely associated with systemic inflammation.
Furthermore, the SF-IL-33-positive group had higher levels of RF-IgM, IgG, and IgA and positive frequency of GPI than the SF-IL-33-negative group. The result of our former study [7] , that serum IL-33 is associated with antibody production, was also proved with SF-IL-33. All these antibodies are important features for diagnosis and prognosis [13] [14] [15] , so we considered that IL-33 may be a risk factor for poor prognosis in RA. Further study is deserved about the mechanism of IL-33 in inducing antibody production.
As a specific ligand of IL-33, sST2 can serve as an antiinflammatory mediator through binding with IL-33, sequentially decrease the interaction of IL-33 and ST2L [16] . Therefore, we need to know the expression of sST2 in RA SF and serum to further understand its function in the pathogenesis. In our study, the positive frequency of serum sST2 in RA patients was higher than that in OA patients, but there was no significant difference. The concentrations of SF sST2 also had no difference between RA and OA. Since the expression of sST2 could be induced in various mesenchymal and hematopoietic cells by a lot of stimuli [17] [18] [19] [20] , therefore, it is possible that the inflammatory milieu is responsible for the level of sST2 in OA. We tried to find out the relationship between serum sST2 and serum IL-33 or the other clinical features in RA, but no correlation was observed. The similar result was also shown in a previous study [9] , which was held by a relative low number of samples.
In conclusion, SF IL-33 levels that increased in RA patients could be treated as a sensitive marker of disease activity and were associated with the production of antibodies. The correlated expression of IL-33 between SF and serum suggests that IL-33 plays an important role in the local pathogenesis of RA. It may become a new target of local treatment. The role of sST2 and the therapeutic significance of IL-33/sST2 system in RA need further research.
